This paper presents a case study from Porto-based public transport operator Sociedade de Transportes Colectivos do Porto (STCP) to closer investigate the relation between managerial decisions and economic indicators in public transport, such as efficiency and effectiveness. By means of Data Envelopment Analysis (DEA) the company´s performance results between 1946 and 2004 are analyzed. The second part of the analysis serves to explore the managerial history of STCP and to point out main decisions, policies or other decisive factors in the framework of the company's performance. Our approach aims at identifying the magnitude of these decisions within the operational framework and their time-lags. The analysis has shown that certain managerial decisions directly influence the operational activity in the following years and considerably affect the overall performance of the services provided. The decisions are mostly linked to an increase of social benefits and privileges, political and social environment, the implementation of the single agent policy and operational leasing. Another essential conclusion is the identification of a certain time-frame of such influence. Results show the existence of time-lags between decisions and performance, usually representing medium term periods from 2 to 4 years. The results might be translated into policy recommendations, e.g. for setting up the regulatory framework that achieves a systems best performance.
Introduction
Public transport (PT) aims at providing high levels of mobility to citizens. Thus, its adequate functioning contributes mainly to the quality of life in every city. Especially in times of economic crisis, soaring energy costs and increasing environmental concerns public transport is a meaningful alternative to cost-intense, congestionprone private transport in urban agglomerations. In this respect, current trends and constraints, namely more people living on less space, overall financial shortages in the public sector or the changing regulatory environment require the management boards of public transport operators more than ever to act innovative and entrepreneurially sound.
Management practices of any enterprise have a vital impact on its global performance. Consequently it is of high importance to assess the magnitude of managerial practice, decisions taken and strategies applied in the operational framework. The set of applicable management decisions in PT is manifold and inter alia refers to adjustments in the business organization itself, new approaches to customer retention and acquisition, the introduction of pricing schemes and innovations in infrastructure, vehicles, control systems or ICTs.
However, regarding an organizations' performance decision makers in reality often have to face uncertainty about recognizing the true impact of their strategic choices and operational judgments. Thus, the relation between managerial decisions in PT and the company's performance in terms of productivity, technical, structural, and price efficiency, as well as effectiveness becomes an essential, yet rarely studied research topic.
Since urban public transport is managed as a public sector service, the analysis of data is done using Data Envelopment Analysis (DEA), giving good ground not only for determining the level of the company's performance, but also for defining the relationship between managerial decisions and operating years' efficiency/effectiveness. In this context, the performance of STCP is analyzed in a time-series for a period of 59 years (from 1946 to 2004) , distinguishing between two performance indices: efficiency and effectiveness. On the next stage, the present study advanced to crossing the time-series performance analysis with the historical records of managerial decisions, which allowed identifying the ones that have had major influence on efficiency, effectiveness and productivity.
Literature Review
Given the context of our research, the literature review is representative rather than exhaustive. Much of literature on this relationship is of empirical nature. Its scope ranges from the firm-level to the macro-level analysis. More recently, at both scales of analysis, the debate is showing some concern on deepening the knowledge on the relationship between performance and decision-making. The new lines of research range from the recognition of a) the influence of multi-layer interactions on the performance measures and b) the multidirectional nature of this relationship and c) cost-orientation (not only benefits, but also costs, arise from decisions).
The link between Performance and Decision-making

Research Levels
At the micro-level scale, usually the effects of particular decisions on the performance of a company are analyzed, such as investment, operational decisions or the adoption of specific management practices. In this respect some studies attempt to quantify the benefits realized from IT or ICT investments (Wu and Chen, 2006; Matteucci and Sterlacchini, 2003) or focus on the effects of technology on the organizational performance (Devaraj and Kohli, 2003) . On the other side empirical studies emphasizes the role of 'knowledge capital' and innovation to explain productivity growth (Czartitziki and Korneluis 2004, Co and Chew, 1997 ). In addition, over the past twenty years, other studies focus on the link between the implementation of Human Resources (HR) practices and organizational performance (Wright et. al, 2005; Sels et. al, 2006 ). At the macro-level scale, the main concern is upon how the performance of particular territories and government administrations is affected by the implementation of public programs and policies (Kim and McMillin, 2003) , institutional features as well as structural and administrative arrangements (Heinrich and Lynn, 2001) , and the adoption of management or institutional practices (Nicholson-Crotty, 2005) . The term 'management capacity' is a key concept among these studies (Coggburn and Schneider, 2003) .
Scope and Extent
Firstly, due to the difficulties to show how different structural administrative and managerial arrangements affect the global performance, most studies focus merely on isolated levels of organization. However, in the context of IT investment decisions, Wu and Chen (2006) argue that the value of IT is realized basically through a chain of relationships within the organizational hierarchy. Likewise, Heinrich and Lynn (2001) use multilevel models to evaluate how factors or variables measured at one level of an administrative hierarchy might interact with variables at another level. Donahue, Selden and Ingraham (2000) conclude, that it seems to exist "… a growing agreement that influences associated with administrative arrangements do matter to the efficacy of the policy and program delivery system".
Secondly, the most common analysis of the link between performance and decision-making merely addresses the unidirectional effects, i.e. the causal relationship in the sense that decisions, when implemented, lead to higher performance. For example it is argued that managerial decisions, e.g. related to personnel, information technology and networking activities, have a substantively important impact on performance organizations. However Nicholson-Crotty (2005) states that causal relationships between management and performance may also be multidirectional: performance causes management behaviour, which in turn influences future performance. In the context of the HR management-performance link, Wright et al. (2005) demonstrate that HR practices are both strongly related to future performance measures and past performance measures.
Finally, the majority of the research starts from the assumption that the decisions have only a value-creating effect, while neglecting the direct and indirect costs that arise from it. For example, investment in HR management practices does not only enhance the productive capacity of employees, but can also have costincreasing implications for organizations, such as those that are due to work intensification, stress and/or job train. Sels et al. (2006) develop a conceptual framework that link HR management practices and performance. Their results show that the cost-increasing effect is so strong that it completely outnumbers the productivity gains.
Anyhow, in spite of these recent efforts on clarifying the link between decision-making process and performance, it seems that much of these inter-relations remain fuzzy and complex. Thus, this paper aims at helping to deep the knowledge on this relationship.
The importance of time-lags
Another feature uncovered by the literature review is that although most studies report a positive relationship between decisions and economic performance, there remains considerable uncertainty on the magnitude of the impact. In fact, the results mixed. While some studies found the existence of high impacts, others indicate that the magnitude of those impacts seems to be quite low or non-existing. The diversity of results found in the literature can be explained by either neglecting the existence of time-lags in general, or simply by misspecifying the length or structure of these lags.
Theoretical and empirical studies generally recognize that the values of particular decisions may be realized over an extended period of time. Thus, these studies stress the importance of including time-lags specifications, and the role they might have on the process of decision-making. For example in the context of price inventory models Lai and Pauly (1992) found that lags essentially determine the intertemporal structure of firms' decisions problems, in the sense that they affect their price and output behaviour in the production process. Nickel (1977) argues that the existence of lags between the decision to invest and the incorporation of the new capital stock in the productive process may affect a firms' optimal investment policy. Kim and McMillan (2003) argue that one of the critical issues that must be addressed when evaluating the effects of monetary policy on economic performance is the uncertainty about the true lag length and the type of lag structure of these effects. Some explanations for the existence of time-lags in the context of IT investment decisions are given by Brynjolfsson (1993) . The author argues that "firms and individual users of IT may require some experience before becoming proficient. According to models of learning-by-using, the optimal investment strategy sets short-term marginal costs greater than short-term marginal benefits. This allows the firm to 'ride' the learning curve and reap benefits analogous to economies of scale. If only short-term costs and benefits are measured, then it might appear that the investment was inefficient". Additionally Matteucci and Sterlacchini (2005) state that these lags are due to the need of further and complementary organizational changes and investments in tangible assets (such as the retraining of the employees, the re-distribution of tasks and the re-design of decision-making processes).
The literature reviews indicates that the lag lengths of the decisions' effects on performance seem both to vary across studies and to depend on the type of the decisions involved. While IT usage studies suggest that the lag lengths may vary from 25-60 days to less than six months, for IT and ICT investments lags appear to be of 2-3 years, 4-9 years for R&D investment and 1-3 years for HR management practices.
Research Methodology
Data Envelopment Analysis
The present study applies the non-parametric DEA Analysis (Data Envelopment Analysis). DEA was developed by Charnes et al. (1978) based on the initial work on efficiency measurement carried out by Farrell (1957) . Charnes et al. (1978) solved the problem of evaluating efficiency for economic units that use multiple inputs and produce multiple outputs. Banker et al. (1984) later related the efficiency evaluations to the axiomatic formulations of Shephard's work (1970) which enable the consideration of variable returns to scale. This brings together the notions of efficiency and modern production theory which will be applied at a public sector service. Mostly the mission of those is to rather maximize outputs with the resources available, than to gain commercial profit. Given the fact that urban public transport is a public service characterized by multiple inputs and outputs, DEA is particularly practical for evaluating performance. Moreover, frontier methodologies allow to distinguish between efficient and inefficient production, and to estimate the degree of inefficiency by considering observed best-practice standards as benchmarks. Based on the research objective and context described above, the specifically chosen DEA method is the input-oriented model, considering two production cases that allow distinguishing between the operations' efficiency and effectiveness (see Appendix A for input and outputs used).
The mathematical formulation of the DEA used in this paper is the following: To perform the DEA calculations, the input and output data was processed using the KonSi DEA Software based on the BCC DEA model.
Performance Dynamics and the Efficiency-Effectiveness Matrix (EEM)
In the former method consecutive efficiency and effectiveness coefficients are analysed to identify the yearly variations of performance (e.g. from one operational year to another, or over a period of up to 6 years). The EEM serves to graphically illustrate results and to visually observe the dynamics of the company's performance (Appendix C).
Case Study: Sociedade de Transportes Colectivos do Porto, S.A. (STCP)
Given the fact that STCP has been present in the public transport sector for a rather long period and has extensive records of operational activity and organisational management, it was considered a suitable case study. Sociedade de Transportes Colectivos do Porto (STCP) is the public bus operator in Porto, the second largest city in Portugal and the core city of Porto's Metropolitan Area, which includes a total of 14 councils with an overall area of 1574.2 km² and 1551950 inhabitants (INE, 2001 ). The area of STCP's operations comprises 6 councils, of which Porto is the central one. The company's history in the framework of Porto's public transports dates back to 1872 but it was only in 1946 that the name "Serviços de Transportes Colectivos do Porto" appeared, following the grant of the public transport concession to a group of entrepreneurs by the Porto City Council. Later on, in 1994, the final transition to "Sociedade de Transportes Colectivos do Porto" S.A. was implemented. By 2004, STCP was operating 81 bus lines and 2 tram lines.
Operational and Management Data
The operational data analyzed was collected from STCP's Reports and Financial Accounts between 1946 and 2004 and included two inputs and two outputs (Appendix A). Considered as inputs were: the number of employees (as according to records of December, 31 of each year), and company's fleet (in number of vehicles). Due to the lack of uniform data available for the entire research period, only one output was considered for the efficiency analysis (i.e. vehicle-km), and one output for the effectiveness analysis (i.e. number of passengers). The management data was collected from the company's yearly reports and financial accounts, and consisted of managerial decisions taken along the operational period analysed.
Performance Measurements and Results
Data Envelopment Analysis
At the first the stage the yearly efficiency and effectiveness scores were calculated by means of DEA and the years of best and of poorer operations were identified accordingly. Figure 1 represents a long-term view on STCPs' performance: Generally speaking, the periods affected by major efficiency changes were the years 1965-1967, 1967-1972, 1973-1979, 1977-1984, 1995-1998 , while fewer changes occurred mostly during years 1998-2000 and 2000-2004 . Another general observation is that the company was more efficient than effective in the first half of the period evaluated in the study , and more effective than efficient in the second half . The two distinct periods were separated by a period of significant decrease in both indicators, more prominent in the period of 1967-1977. 
Performance Dynamics and the Efficiency-Effectiveness Matrix (EEM)
It can be observed that the company's efficiency exhibited a constant growth until 1998, while effectiveness registered a steep increase before 1980, but in the following years showed a mix of better and poorer results, displaying average yearly variations in the limit of +/-5%. In particular, this part also revealed two big shifts registered in efficiency and effectiveness scores. Namely, in 1965 till 1967 there was a negative shift of more than 20% decrease for both efficiency and effectiveness, followed by a second drop, lasting until 1977. With respect to performance effectiveness, a significant change was identified after 1977, when performance results seem to improve: 8% in 1978 and 15% in 1979. Thus, the positive shift in effectiveness between years 1977 to 1980 amounted to a cumulative increase of 34%. An aggregate illustration of the efficiency-effectiveness pairs for each operating year is given in Appendix C which depicts the EEM.
Managerial Decisions
The second part of this analysis serves to explore the managerial history of STCP and to identify main decisions, policies or other decisive factors in the framework of the company's performance. A decisions data base was conducted from yearly reports to track the companies' managerial activity classification criteria were introduced for structuring the decisions. The criteria comprise six main categories, as depicted in Table 1 : network, fleet, schedule, personnel, financial policies, and servicing (the last one including three subcategories: operational, technical and IT) and context. 1981 -1985) presumed to be interrelated with the external economic (social) context Figure 2 depicts the number of decisions made in each category during 59 years. Initially the company was focused more on creating the product itself (building and enlarging network and fleet and setting up efficient schedules and staff). Later service decisions dominate the scheme. This can be regarded as an indicator of a balanced and strategically coherent management policy towards service creation and organization. 
Relation "Performance -Decisions" and Time-Lags
The following section aims at analyzing the interrelation and inter-dependency of managerial decisions and efficiency/effectiveness score by identifying the decisions which determined the changes in the performance scores of specific periods (several continuous years) as indicated in the performance dynamics approach (see as well Figure 1 ).
• In 1946, "Serviço de Transportes Colectivos do Porto" took the place of "Companhia Carris de Ferro do Porto" and the company was managed by the city council until 1950. This period was characterized by two major factors: managerial decisions were mostly related to the city transport network, and overall effectiveness was decreasing (more than 10%).
• Starting from 1950, the period of the next 15 years is a difficult one for the company as it involved consolidating the basis for future activity and building up the company's operating systems -from creating the product itself (new lines, building up the network, increasing the capacity offered), to elaborating the accompanying elements, such as creating an efficient human resources system, establishing a new work regime, skills building and training for personnel etc.
• During the period 1950-1965 the efficiency of the company's performance was maintained at a relatively stable level, as the positive and negative variations did not exceed 2% per year on average. This is the period when the company begins to focus more on the technical part of operations, the major of which is reorganising and building the network for electric trams, which included as well a total revision of the fare system. • However, despite these measures, the company's effectiveness decreases, while efficiency stays near 100% until 1965-1967 , when the first significant decline (more than 20%) was registered.
• The following 10 years were marked by generally low performance results until 1977. Due to the inconsistency observed during this period between performance results and decisions implemented (i.e. growth supportive decisions such as increase of capacity provided, changes in fare system, personnel benefits increase etc.), the study turned to evaluating the contextual framework in which the company was operating during this period. As a result, a series of important contextual factors were identified that probably determined a lower performance of the company: deficiency fleet, complete redesigning of services, oil price increase followed by an energy crisis, and the social revolution of 1974. The last one was particularly influential as in the beginning of the 70's certain political and social changes started to occur in Portugal. In this context, the need of closing the access of other operators to Porto area was felt, and in 1971 an agreement with all workers was reviewed. This situation may suggest that strong political and social context conditioned and maintained the general performance decrease until 1977.
• In 1976 social fares were introduced in the STCP's general fare system, which contributed to the long term effectiveness growth. Here, the research found indications of the existence of a lag (four years) between management decisions and their effects on performance as effectiveness only increased in the end of the 70's decade. However, the study assumes that this lag is probably more due to external (political, economic and social) influences.
• In 1979 the company launches the introduction of the "single agent" policy. The major impact led to a reduction of staff by about 1000 workers. Its implementation took about 10 years and its effects extended for another 10 years. In this case, the study can again conclude on a lag between a decision and its effect.
• During the 80's, efficiency tends to increase and registers significant growth throughout the 90's.
Effectiveness, on the other hand, while attaining the highest level in 1980-1982, slightly decreases in the second half of the 80's and maintains the same tendency during the 90's. This entire period is marked by the following major decisions: introduction of the single agent policy, ceasing of electric trams operation and extension of the bus network. Further, some lines concessions were subcontracted to private bus operators.
• The decade of the 90's was customer-oriented. Decisions taken and implemented within this period were mostly concerned with customer policy. New tickets and a new STCP corporate image were created, and the SAE project started. STCP recovers some concessions that had been subcontracted to private operators. Only by the end of the 90's there's an effectiveness increase. Again the lag between decisions and effects is obvious.
• The bus leasing agreement was the major decision of the beginning of the new century, which led to a reduction of about 700 workers in maintenance (efficiency increased). In 2003 the process of the new fare system integration started. During the last 4 years both efficiency and effectiveness did not exhibit any significant variations, displaying values close to 100%. This is presumed to be due mostly to frontier effects rather than being decision related. All in all several key decisions have been identified: reduction of service of electric tram lines, modification of fares, implementation of "single agent" policy and fleet modernization. Apart from the strong influence of the operational context, the very steep increase in effectiveness after 1977 may be due to the effects of such major decisions as new fare system, opening new lines and introducing new buses. The last years' performance variations (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) are most likely again due to the contextual factors (such as social disturbances in the latter years, transport sector new regulations and company reorganization), which have generated some fluctuations in the company's performance results. For example, from year 2000 on, some declines and increases could have been induced by social disturbances and strikes, construction works in the city, as well as by the introduction of the metro service, which required a correlation and review of STCP's service.
Conclusions
In this paper we developed a method to assess the economic development of the Porto-based public bus operator STCP in the long-term by correlating its management decisions with its performance indicators, namely efficiency and effectiveness.
Referring to the performance measurements from DEA it can be concluded that although the efficiency and effectiveness values display some differences, the dynamics of their variation are very similar: The same years or periods are subject to decrease or increase in effectiveness and efficiency. The scores do not move in opposing directions. The joint and comparative analysis of the two sets (say f(efficiency)=decisions and f(effectiveness)=decisions) helped to identify the major decisions and the contextual factors. They relate to increase of social benefits and privileges, political and social environment (resulting from 25 April, 1974), implementation of the "single agent" policy and operational fleet leasing.
Further the study revealed the existence of a certain time frame of decisions to affect operational overall performance of the services provided. The research shows that on average these lags represent medium term periods from 2 to 4 years. They can however take rather extensive time, as for example in the case of application of the 'single agent' policy in STCP, which took about 10 years to be fully realized in terms of its influence on the company's performance.
To study the influence of managerial decisions on the company's operations and performance is important as it will help to identify and better understand the basic principles of that relation in public transport management. Consequently the evaluation of priorly applied strategies as shown in the STCP case can help to either avoid future management mistakes or to choose decisions that eventually lead to improved performance. However, at this work stage and due to the economic top-down approach chosen, it is impossible to say with empirical certainty how a public transport company could predict the impact of its managerial decisions precisely or to what extent specific decisions affect efficiency or effectiveness. For now it is only possible to identify the decisions that majorly affect one company's performance and to assess the extent of that influence by means of the performance dynamics concept. Further, the identified time lags between the implementation of a decision and its performance-related effects can support future strategic planning and management policies as they point in the direction, that a well-designed time-frame for attaining certain objectives or expecting specific results is crucial.
However, there is the strong need of advanced research in that area. Based on an extensive data base, samples and case studies of deeper evaluation, comparison, confrontation and analysis will help to create a general theory for further application.
